ABSTRACT -The magnitude of the interaction G x S was measured by different biometric techniques to draw inferences on
INTRODUCTION
Soybean (Glycine max (L.) Merrill) in Brazil is commonly exposed to countless environmental conditions in terms of locals as much as sowing periods and crop years. In this setting the interaction genotypes x environments (G x E) is expected to play a fundamental role in the phenotypic manifestation. It should therefore be estimated and considered in the recommendation of cultivars and in genetic improvement programs (Prado et al. 2001) .
According to Cruz and Regazzi (1994) the evaluation of the interaction genotypes x environments is of great importance for improvement, since, when this interaction is present, the best genotype in one environment is not necessarily the best in another. This fact influences the selection gain and makes the recommendation of genotypes with broad adaptability or for a specific period difficult.
There are various studies on the interaction genotypes x environments in soybean indicating that the quantitative traits are affected by sites and sowing periods (Oliveira et al. 2003 ).
An important point in the study of the interaction G x E is its estimation which can be based on an analysis of variance. However, from the point of view of improvement, significance in the source of variation G x E does not mean a lot isolatedly but calls for complementary analyses (Vencovsky and Barriga 1992) . One of the ways to understand the interaction G x E better is through the application of the partition of the variance due to the interaction in the independent and dependent parts of the Pearson correlation of the genotypes in the different pairs of environments, in other words, the partition of the mean square of the interaction G x E in the simple and complex components. Another quite useful method for the analysis of the interaction G x E is the calculation of the expected progress with specific selections for each period of interest and with direct selection in a certain period (most recommended). Based on these calculations comparisons can be realized to predict the gain achieved in each one of them.
This study aimed at a better understanding of the interaction G x E in the diverse studied traits and the verification of the maintenance of the lines performance regarding the traits evaluated throughout the sowing periods for selection.
MATERIAL AND METHODS
The experimental material consisted in 25 F 9:2 soybean lines/entries, obtained in subsequent selections of 170 lines originates of partial diallels crosses (4 x 4) involving eight parents genotypes based on the reaction to pod-sucker and leaf-chewer insects, grain yield and juvenile period Pinheiro 2002, Moura et al. 2003) . The cultivars Crockett, Lamar, IAC-100 and the line D72-9601-1 were chosen as resistant parents. As productive and adapted parents (however susceptible) the cultivars BR-6 (Nova Bragg), IAS-5, Davis and OCEPAR-4 (Iguaçu) were selected. The crossings were realized among the resistant and susceptible genotypes, amounting to 16 biparents combinations.
The F 9:2 lines were evaluated in different sowing periods (10/21/1998, 09/11/98 and 11/12/98) on the experimental field of the Escola of Agronomia/UFG in Goiânia, state of Goiás, (16 o 41' lat S and 49° 13' long W, altitude 730m asl). The experiment had a randomized complete blocks design, with three replications per period in which the experimental plot consisted in four rows of 4 x 0.5m and the useful plot in two rows of 4 x 0.5m. The cultivars IAC-100 and OCEPAR-4 (parents involved in the crossings), MTBR-45 (Paiaguás) and EMGOPA-313 (cultivars recommended for the region) were chosen as controls. These lines were evaluated for grain yield, juvenile period and resistance to insects. A high natural infestation with stink bugs was observed in the field in all experiments.
The following traits were evaluated: number of days to flowering (NDF), number of days to maturity (NDM), grain filling period (GFP), stained seeds (SS), 100-seed weight (HSW) and grain yield (GY). The data of trait SS were transformed into , creating gerating the variable SST. Individual variance analyses were realized for each period of generation F 9:2 , besides a joint analysis after the verification of the homogeneity of variances.
After the analysis of joint variance of the experiments, the interaction genotypes x sowing periods was decomposed for the environment pairs. The decomposition was based on the expression presented by Cockerham (1963) and applied by Santos (1981) to the mean squares as shown below for periods 1 and 2:
where: : mean square of the interaction genotypes x sowing periods;
The same decomposition was realized for the period pairs 1 and 3 and 2 and 3, taking the mean squares and corresponding correlations into consideration, in other words:
, , : mean squares regarding the treatments (genotypes) in periods 1, 2 and 3, respectively; r 12 , r 13 , r 23 : Pearson correlations among the genotype means of one environment (period) with the other.
The correlation coefficient of Spearman (r s ) for all pairs of environments (periods) was calculated by the expression:
, and the significance of this estimate based on the following expression was verified: with (n-2) degrees of freedom (Steel and Torrie 1960) and n numbers of lines.
Fisher's exact test was used as presented by PimentelGomes (2000) to test the randomness of the coincidence of the lines selected in the sowing period pairs.
The expected gains with selection (selection intensity of 40% and of 20%) were also computed within each period separately (specific selection) and the expected progress in periods 1 and 3 based on the selections realized in period 2 (selection in period 2, the most recommended, and expected response in the other periods, in other words, generalist selection). The gains were calculated according to Vencovsky and Barriga (1992) , who used the differential of selection (ds). Thus, the following expressions were used:
Expected progress in period (specific selection):
where:
: differential of selection in period ; : mean of the lines selected in period ; : mean of all lines in period .
Periods 1, 2 and 3 were calculated taking the means of the lines of each site and the means of the lines selected in each specific period into account.
Based on the differential of selection computed for the specific period , the expected progress with the selection realized within each period separately (specific selection) were computed by the expression below:
: differential of selection in period ; : heritability at the mean level for period .
The percentual expected progress with selection was obtained by:
For the calculation of the expected progress in the other periods based on the selection in a particular period (selection in period 2 and expected response in periods 1 and 3), the following expression was used:
: differential of selection in period being selected in period ; : mean of the lines in period that were selected in period ; : mean of all lines in period .
: expected progress of selection in period selected in period ; : heritability at the mean level in period .
: expected progress of selection in percent in period selected in period ; Y (i´) : mean of all lines in period .
The ten most productive lines were identified in the different sowing periods, identifying the number of the line and the periods in which it was selected for the diverse traits evaluated (Table 1) .
RESULTS AND DISCUSSION
The joint analysis of variance of the experiments presented significance (P < 0.01) of the source of variation lines x periods for all traits ( Table 2) .
The partition of the mean square of the interaction lines x sowing periods (G x S) for the different pairs of environments (periods) in the simple and complex parts (Table 3) for the grain yield (GY) showed that the complex part contributed with the highest mean square percentage to the interaction in all pairs of periods, despite the relatively high observed values of the Pearson correlations (r 12 = 0.751; r 13 = 0.728 and r 23 = 0.635); this can be explained by the similarity of the mean squares of genotypes in the different locals.
Spearman's correlation coefficients were estimated for all pairs of environments (periods) with the objective of testing the randomness of the coincidence of lines selected in the pairs of sowing periods using Fisher's exact test.
In relation to the correlation coefficients of Spearman for the diverse pairs of environments (Table 4) relatively high and significant values were verified. This fact can be explained by the presence of some genotypes in equal positions in the ranking realized in the different sowing periods. Nevertheless, Fisher's (Table 5) that only in the analysis involving periods 1 and 2 jointly significance (P < 0.05) was obtained for the coincidence of the number of genotypes after selecting the ten best lines in these two periods. The partition of the mean square and Fisher's exact test indicate the difficulty of selecting promising lines for the yield, adapted to the pairs of sowing periods 1 x 3 and 2 x 3. Specific selection is in this case more promising.
Once calculated the expected progress with selection realized within each period (specific selection) and the expected progress in periods 1 and 3 based on the selection realized in period 2 (generalist selection) with selection intensities of 40% and 20% (Tables 6 and 7) was computed, a loss in kg ha -1 was observed when using generalist selection. Although this loss is present, its magnitude is also related to the selection intensity, in other words, in the generalist selection where a greater selection intensity (40%) was used there were no great losses while with a lower selection intensity (20%) this loss became considerable.
Breeders should be aware of these results when choosing generalist or specific selection, not only taking the availability of time and resources into consideration, but also the methodology to be used in the decision on the selection type.
An analysis of the partition of the interaction G x E in the simple and complex parts is of great usefulness for studies into the interaction G x E, however the mean squares of genotypes at each local must be observed. The reason is that if the mean squares of the genotypes are similar there is an overestimation of the complex part of the interaction. Another point to be observed is the use of Fisher's exact test in the verification of the coincidence of the lines selected in the diverse period pairs. This test can be quite useful, however as it is a non-parametric test it does not consider the mean values and only evaluates whether the genotype positions are close or not. In this case, Fisher's test was very strict, since the significance of the coincidence was only manifested when a minimum of eight lines coincided from one period to another (Table 5) . Therefore, this test is only recommended in the absence of another more appropriate one.
In relation to the traits of resistance against the stink bugs (GFP and HSW) a greater contribution of the complex part to the mean square of the interaction G x E in the different period pairs was also observed due to the similarity of the mean squares of genotypes at the different sites. For SST however, variation was observed in the contribution of the complex part. The contribution was greatest in the pair of environments 2 x 3, followed by the pairs 1 x 2 and 1 x 3 (Table 3 ). An analysis of Spearman's correlation coefficients (Table 4) verified significance for HSW (P < 0.05) in the different environment pairs and for GFP only for pair 1 x 3. This result was confirmed by Fisher's exact test (Table 5 ) which also revealed significance for HSW only in all environment pairs. The conclusion can therefore be drawn that selecting more promising generalist genotypes in the different sowing periods would only be feasible for HSW.
Likewise, the greatest contribution of the complex part in all environment pairs was observed for the traits related to a long juvenile period (NDF and NDM), (Table 3) . However, significant and relatively high values were observed for all environment pairs when analyzing the Spearman correlation coefficients (Table 4) . Despite the high and significant coefficients significance was only observed for the values of coincidence in the selection for NDF by Fisher's test (Table 5 ). The insignificant differences of the values of coincidence in the selection for the trait NDM in the diverse environment pairs may have been influenced by the GFP trait, since a difficulty of selecting promising genotypes in the different sowing periods was verified for this trait. Selection would therefore be more effective if realized specifically for each sowing period for NDM. Ramalho et al. (1993) state that when a higher number of environments and cultivars is considered the presence of complex interaction nearly always indicates the existence of cultivars specifically adapted to a particular environment, as well as others with a broader adaptability, though not throughout with a high yield potential. This impedes the recommendation of cultivars in a generalized manner, increasing the difficulties and requiring the adoption of measures that control or minimize the effects of this interaction to proceed to a safer recommendation. Summing up, the interaction does not only interfere in the recommendation of cultivars, but also in the achievement of the estimate values of the genetic variance components which can result in a biased estimate of the expected gain with selection. Besides, the occurrence of complex interaction between genotypes will diminish the efficiency of the improvement program, since selection is normally realized in the mean of the various environments, which does not guarantee the selection of the best progenies for each environment in particular.
In an improvement program the selection of generalist genotypes may be an advantage if the objective is the identification of cultivars that respond positively to the fluctuation of the sowing period caused by climatic or other factors. According to Marchiori et al. (1999) and Peixoto et al. (2000) there is the possibility of selecting genotypes that stand out in sowing conditions different from the period recommended for the crop, thus revealing cultivars that respond positively to sowing in a more extensive time period, as long as they present traits such as a long juvenile period.
Likewise, the study of the sowing period is highly important for the analysis of stability and phenotypic adaptability since it allows the identification of periods in which the genotypes have little sensitivity, causing a small fluctuation
in the yield, which allows the sowing of the genotypes beyond the recommended periods. According to Morais et al. (2003) the search for specific adaptations may lead to conclusions on recommendations of more productive sowing periods for a specific cultivar. The authors state that specific sowing periods must be adopted for the cultivars IAC-100 and OCEPAR-04.
Despite the difficulty in selecting promising lines adapted simultaneously to the different sowing periods for the diverse traits, according to the partition of the interaction G x S except 1 GY: grain yield; GFP: grain filling period; HSW: 100-seed weight; SST: stained seeds with data transformation; NDF: number of days to flowering and NDM: number of days to maturity for HSW and NDF, another alternative would be the observation and selection of superior lines in all sowing periods, which would surely present a broader adaptation. This alternative was verified by Moura and Pinheiro (2002) who selected ten promising lines for GY based on the superiority throughout three generations and as a result observed that these were superior for GY and for the diverse traits of resistance to insects as well as for the long juvenile period. Table 5 . Number of common lines (n) and probabilities (P, in %) of random occurrence with a truncation selection of 10 lines for each experiment in each period. Soybean, generation F 9:2 1 GY: grain yield; GFP: grain filling period; HSW: 100-seed weight; SST: stained seeds with data transformation; NDF: number of days to flowering and NDM: number of days to maturity *: Significant at 5% by the t test 3. It is up to the breeder to decide about the grade of specificity of his selections regarding the sowing periods; 4. The biometric methods used to study the interaction differed in the level of rigor and sensibility. Parameters that take correlations as well as expected progress in the direct and indirect selection into account should be preferred. 
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